The demand for high performance concrete is increasing nowadays. The service life of high performance concrete has significant effect on the consumption of energy and resources. Adding good chemical and mineral admixtures to regulate and optimize the microstructure of concrete can ensure the service life of concrete structures and save great amount of cement simultaneously. It is a good way to turn waste into resource and turn the harmful into the beneficial.
limestone for cement production is about 2.5×10 10 tons, which can meet the requirement of the cement industry for only 40 years [1] . And the Chinese output of raw coal was 2.96×10 9 tons, which gave off 7.75×10 9 tons CO 2 during combustion, including 1.8×10 8 tons for cement production with the CO 2 emission of 1.38×10 9 tons (including the CO 2 from the decomposition of the CaCO 3 for cement production ) in 2009. The cement industry occupied 6.6% of the Chinese total energy consumption and 26.1% of the Chinese total CO 2 emission [2] . Table 1 shows the main energy consumption during the cement production [3] . The high temperature calcinations cost more than 80% of the total energy consumption during cement production. Besides, noxious gases (such as NO x , SO 2 and etc.) and dusts are discharged during the cement production. Meanwhile, the amount of water and ore for concrete preparation is 6.7 times as much as the cement, which takes 80% of the concrete by weight. Usually, the sand and gravel are nonrenewable resource. Thus, the concrete preparation causes immeasurable destruction to rock resources in nature. .882 Besides, because of the complex constituents and high cementitious volume, modern concrete becomes easy to crack at early stage, which results in the decreasing durability. The premature failure of concrete due to inadequate durability and poor performance happens from time to time. Some concrete cracked in 3~5 years, and some even cracked exceeding the maximum allowed width before putting in use. A lot of concrete structures need major repairs with significant cost in about 20 years. The engineering accidents, such as the collapse of Chongqing Rainbow Bridge on Qijiang River which shocked the whole country and the world, made the nation suffer huge personnel and economical losses. The engineering quality is alarming all the time. The American Investigation Report of Infrastructure Construction pointed out that, every year, it took 5.40×10 10 USD to maintain the road of poor condition, 9.4×10 9 USD to repair damaged bridge and 1.01×10 10 USD to mend the dangerous dam [4, 5] . Summarily, the frequent accidents of premature failure with concrete structure cause not only great losses of national wealth, but also extreme waste of resource and energy. It becomes urgent task at present to seek the development model of low-carbon economy with concrete material which could harmonize the contradiction between the increasing requirement for concrete material by major projects and the aggravated load on the environment from the production process of concrete material.
Technological approaches to realize low-carbon economy with high performance concrete
High performance concrete (HPC) was a new type of concrete which came out in the period of the late 80s and early 90s of the 20th century. The concept was brought forward by NIST and ACI at a symposium held in May 1990. However, there are significant differences between the HPC concepts defined by different countries and societies. The famous Chinese concrete expert, Mr. Wu Zhongwei, considered that the HPC was a new kind of concrete with high technology, which is Advanced Materials Research Vols. 374-377prepared with modern concrete technology, high quality raw material and proper quality control measurement to have much better performance than the normal one; Beside the necessary quality control of cement, aggregate and water, low water to cementitious material ratio, adequate fine mineral admixture and high effective chemical admixture were needed to guarantee the HPC's performance, such as durability, workability, mechanical properties, practicability, volume stability and economical rationality. As the major development direction of modern concrete, HPC is featured with high durability, incorporation of mineral (mainly industrial waste) and chemical admixture, which is considered as a new material and technology suitable for the strategy of low-carbon economy.
Improving the durability and prolonging the service life of concrete material are the essential of realizing low-carbon economy
The durability dominates the 'health' and 'lifetime' of concrete during its entire service. The famous American scholar, Mr. Mehta, pointed out that we encountered the problem of concrete durability in the published article with the title of 'The Durability -the Key Problem to Influence the Future' [7] in 1997. According to the statistics, in advanced country, the annual economic loss due to the durability problem of concrete infrastructure is about 1.5~2.0% of their GDP. The total investment of American concrete infrastructure is 6×10 12 USD, while the expense for maintaining and rebuilding due to the inadequate concrete durability is 3×10 11 USD every year from now on. As to the lifeline engineering, such as bridge construction, the indirect loss due to the traffic block by the maintaining and replacing procedure is much greater, which is 10 times greater than the direct repairing expense. It is estimated that Canada will pay 5×10 11 USD for repairing the entire concrete infrastructure projects due to the deterioration of concrete durability. In Britain, the maintaining expense for architecture and civil engineering is ￡1.5×10 10 , including ￡5×10 8 for concrete engineering. In China, the concrete deterioration of existing engineering due to inadequate durability is also significantly serious. At the Yunfeng Hydropower station in northeast China, 10,000 m 2 concrete surface of the overflow dam, which is about 50% of the whole surface of the overflow dam, suffered deterioration due to freezing and thawing cycles after less than 10 years in operation. The average erosion depth was more than 10 cm. At the Balitai Overpass in the downtown of Tianjin city, because of Alkali-Silica Reaction, lots of the columns and supporting beams at moist position had reticular cracks and along-rebar cracks. Some abutments even expanded to crack. Nowadays, in 21th century, Chinese maintaining climax of concrete construction happens to cost extremely large up to thousands of millions of fund. Improving concrete durability and prolonging the service life of the engineering are the most effective measurement to save energy and reduce emission. It is the essential to practice the national strategy of low-carbon economy and sustainable development. The construction scale of Chinese infrastructure engineering is magnificent with annual investment of 2×10 12 RMB including a great proportion for concrete engineering. Maintaining and improving the concrete durability can save lots of funds for maintaining and rebuilding the concrete structure annually to achieve great economic benefits for the nation. Furthermore, it can prolong the service life of structure engineering and prevent major accidents to achieve great social benefits. The macro performance of concrete depends on the microstructure. Therefore, controlling and adjusting the concrete microstructure is necessary. The simplest way is to add high performance chemical admixture and reactive mineral admixture to the concrete mixture to realize the goals of reducing water, reduce shrinkage, increase toughness and improve hydration and etc.
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Optimizing the concrete microstructure by reducing high volume water
The high performance superplasticizer could achieve the high dispersion of the cement particles in the concrete mixture through the steric hindrance and the electrostatic interaction to take the water into full play of fluidity. Thus, the concrete could obtain required fluidity with low water to cement ratio. And the microstructure could be optimized by decreasing water to cement ratio. Fig. 1 and Fig.  2 show the pore size distribution of the cement paste (W/C=0.29) with or without polymethylen sulpphtalen (FDN) superplasticizer (water reducing rate of 20%) and polycarboxylate (PCA) superplasticizer (water reducing rate of 30%). The experiment indicates that the admixture could improve the pore structure of the cement paste. With FDN superplasticizer, the cement paste has obviously less harmful pores and more harmless pores at the early age (3d). Meanwhile, the PCA superplasticizer could improve the microstructure of cement paste better than the FDN superplasticizer. The reference specimen with pure cement has the most probable pore size of 58nm. And the one with FDN is 40nm, which is 18 nm less than the reference one. And the one with PCA is 35 nm, which is 23nm less than the reference one. Thus it can be seen that, with the increasing of water reducing rate, the pore structure of cement paste improves better and better. It means that the superplasticizer with high water reducing rate and low self air content could improve the pore structure inside the concrete better.
(a)Pore size distribution at 3d (b)Pore size distribution at 28d Fig. 1 The pore size distribution of the cement paste with superplasticizer 
Decreasing the surface tension in micro pores to reduce shrinkage
It is a certainty that concrete with cracks has not good durability. And excellent cracking resistance is the prerequisite to the high durability of concrete. Therefore, reducing or even avoiding cracking by controlling and adjusting microstructure is the major method to realize the high service performance of concrete. To improve the concrete performance, superplasticizer is usually added to the concrete mixture to reduce water and strengthen matrix. However, the traditional FDN superplasticizer might increase the concrete shrinkage by more than 10%, which makes the concrete cracking more dangerous. The new generation of PCA superplasticizer by graft copolymerization could, according to the requirement, add functional group, such as shrinkage reducing group, to the backbone to reduce the concrete shrinkage. Fig. 3 shows the concrete shrinkage of different kinds with different admixture measured by the concrete deformation testing system of 'full time by stage'. The experiment result indicates that, the admixture could influence significantly on the concrete shrinkage. The specimens with FDN superplasticizer and sodium methylacrilic sulphonate (MAS) superplasticizer have larger setting shrinkage as well as autogenous shrinkage and drying shrinkage. The PCA superplasticizer with shrinkage reducing group could reduce not only the plastic shrinkage but also the autogenous shrinkage and drying shrinkage. Table 2 shows the alkali content and surface tension of the high effective superplasticizers. Table  2 indicates that, as surfactant, the listed superplasticizers could decrease the surface tension to varying degrees at the normal usage (water reducing rate of 20%). And obvious difference could be noticed that the surface tension of PCA superplasticizer is the lowest followed by the one of MAS superplasticizer. And the surface tension of FDN superplasticizer is the highest in the three, which is just a little higher than pure water. Meanwhile, the alkali content of PCA superplasticizer is the lowest. MAS superplasticizer and FDN superplasticizer have the close value of surface tension. Because the water reducing rate of PCA superplasticizer is higher, the alkali content of the concrete with PCA superplasticizer could be lower than the one with FDN superplasticizer when the water reducing rate is the same in the concrete. And the FDN superplasticizer has the highest alkali content among the three. The experiment result indicates that the PCA superplasticizer with the function of reducing shrinkage would not increase the drying shrinkage. On the contrary, it decreases the drying shrinkage due to its high water reducing rate, low alkali content and surface tension.
Controlling the hydration heat
Another main reason to cause the crack of concrete structure is the thermal deformation. Controlling the hydration heat of cement and optimizing the hydration heat curve are the key technologies to control the temperature rising and the cracking of the large volume concrete structure. Fig. 4 , which shows the hydration heat and heat release rate, indicates that adding FDN or PCA of high effective superplasticizer with retarding content could reduce the hydration heat and retard the heat peak of the cement hydration. And the PCA superplasticizer has better effect. Additionally, in the cementitious system of 70% cement + 30% fly ash, the PCA superplasticizer has more obvious effect on retarding and decreasing the cement hydration heat at 7d. And the fly ash also contributes actively to retard and decrease the cement hydration heat. Therefore , the chemical admixture and mineral admixture both could make the hydration heat curve of cement paste more reasonable, which take active function on decreasing temperature rising and thermal stress of large volume concrete engineering.
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Note: water to binder ratio was fixed at 0.29. 
Innovative technology for toughening
Concrete is a kind of brittle material. Its flexural strength is about 1/10 of its compressive strength. And with the increasing of the strength, the ratio between flexural strength and compressive strength trends to decrease. It means that the brittleness of concrete increases with its strength. This performance defect is one of the major difficulties to highly improve the concrete durability effectively. Thus, it becomes the emphasis and difficulty of modern concrete research that how to increase the ratio between tension strength and compressive strength of concrete, how to increase the fracture toughness of concrete and how to improve the brittleness of concrete constitutionally. The polymer concrete has good toughening effect, but the usage of traditional water soluble polymer is high and the cement stops hydrating to act as only filler after the film-forming process of the polymer. The water soluble polymer which is developed based on the theory of in-situ toughening has excellent dispersity and stability in strong alkali and high ion system. With the usage of 0.5~1.0%, the polymer emulsion could improve the pore structure of concrete greatly to increase the fracture toughness of hardened concrete significantly. It has excellent toughening effect on concrete (Fig. 5) .
（a）7d （b）28d
Note：The concrete was prepared with the cement volume of 350kg/m 3 , the fly ash content of 20%, the W/B of 0.35, the sand ratio of 40% and the PCA usage of 1%.
Fig. 5 The Load-Deflection Curves of Concrete
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Recycling the industrial waste to make waste profitable and turn harm into benefit
The industrial waste is the solid waste discharged during the industrial production process. Thousands of millions of tons of waste are discharged annually by the Chinese industrial sectors, among which the sector of metallurgy, energy, mining and chemistry discharges most. The 'Report of Chinese Environment Situation' in 2004 indicated that China discharged 1.2×10 9 tons solid waste with 20% up over 2003 and comprehensive utilization rate of 55.7%. Several years ago, Mr. Tang Mingshu, Chinese Academician of Engineering, pointed out that, to make the full use of industrial waste is the essential part of the sustainable development. Additionally, he suggested building the 'Great Wall' for the river, lake and sea with the industrial waste [5, 8] .
During production of concrete, the industrial waste has already been a valuable energy-saving resource. It not only makes the use of industrial waste, but also reduces the usage of cement [9] [10] [11] . Table 3 shows the main energy consumed during the production of concrete. It indicates that cement is the raw material with the most energy consumption. Thus, replacing cement by industrial waste has the active effect on decreasing the energy consumption of concrete production. For example, if different content of slag was added into 70~80% cement in China, the energy could be saved 20~40%. Another example is that, replacing part of cement by fly ash in the concrete engineering of hydro-project could not only reduce the hydration heat, but also make great economic benefit. Statistics shows that, replacing 0.8 ton cement with 1 ton fly ash in concrete could decrease the production cost of 70~80 RMB and save more than 100 kg coal for cement production. As industrial waste, fly ash, slag and silica fume have already been the necessary mineral admixture for preparation high performance concrete. Based on a great quantity of experiments, lots of Chinese scholars indicated that, incorporating the industrial waste, such as fly ash and slag, into cement concrete could not only make the use of waste to save cement, but also improve the performance of fresh concrete and the durability, such as resistance of chloride ion diffusion [12] [13] [14] .
Mr. Michael D.A. Thomas and Mr. Phil B. Bamforth [15] [16] [17] made the research which put the concrete with industrial waste (fly ash or slag) in marine environment for 8 years. The experimental result showed that the chloride ion diffusion depth of the concrete with fly ash or slag was much less than the reference one. Prediction model for chloride ion diffusion was established to compare the predicted result with the experimental result which can be seen in Fig. 6 and Fig. 7 . The chloride ion diffusion coefficient of the concrete with fly ash or slag is 10~100 times less than the one with pure portland cement. In the marine environment, the incorporating fly ash and slag can prolong the service life of concrete obviously. Prof. Sunwei, Chinese Academician of Engineering, conducted a research to prepare Ecological High Performance Cementitious Building Materials featured with low clinker (15~30%), low energy consumption, low shrinkage and high durability. It overcame significantly the disadvantages of the concrete with high volume industrial waste, such as low early strength, high bleeding, high shrinkage, low carbonation resistance and low freezing-thawing resistance, to provide technology of recycling the industrial waste, make waste profitable and turn harm into benefit. Table 4 indicates that, HDC-1 and HDC-2, the ecological cementitious building material prepared, could fulfill the performance requirements for P·O42.5 and P·O52.5 cement. The experimental result showed that the C30~C80 concrete prepared with this material have excellent mechanical properties and high durability. 
Conclusions
The researches and the engineering practices indicate that, the development of high performance concrete could influence the low-carbon economy affirmatively.
1) The high performance concrete admixture could control and adjust the concrete microstructure optimally with the functions of reducing water, reducing shrinkage, toughening and improving hydration to increase the service performance of concrete, especially the durability, which could prolong the service life of the construction and save energy and resource. 2) Making use of high volume industrial waste with proper measurement could not only reduce the environment pollution, but also improve the concrete performance. The recycling of the mineral admixture with potential activity could make waste profitable and turn harm into benefit. 3) Using both the chemical admixture and the mineral admixture with potential activity could save 15% cement per cubic meter concrete. The effect on the environment must be valued. 4) The innovation of concrete technology is a long-term process, which are more important, nowadays, on the road of sustainable development and low-carbon economy.
